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Ahstr:tcl

Wclmvcobscrvcct  dedIoIIse.  jcdcxI  ftol[l a~l[clic]]~ir,i~  lf, lcvclsw~llicll licbctweml  tllc,?l’3,z

:IIId *l’l,j io]lic li]]lits fol K1 aid Xc.. Kil)etic  e.IIc]~y s~xx[ta of  the  cjcxtcct  clcctlolIs  wcm

ol)tailw.cl  fo]lcnving C.lCCIIO]I  ilnpact  excitatimi of tlIc target gases  by usi])~  t i m e - o f - f l i g h t

s]mc.tlos  copy ill a cmsscct bcaltl cx]milncnt. S] MtIal fcatultx  w}]icl]  cmIJcspoIKl  to CICCIICMIS

oje.ctccl  from tmtll  odd and cve,]I paTity  autoio]liz,illfl  levels have bccll icle.lltific.ci.  Sol Im of tlm

fc.:itt]l-csl )avcki]lcticc  ~]e.rgicsofjt]st  ovcro. ] cValldllavc.  l)ccI]] e.solvcclf  ort liefirst  til[mir~at]

clc.cttc)ll  impact cxpcritnemt. ‘lIIc.  IIKM ilderwe fc.atmcs at low clcctroll  impact cmrgics  collm

flc)t]l o])tically  foll)idc.l~xl~)’  mdnct’  temns. II was ~msitdc tc) cstimtc tk integral cross section

fc)l mltoicmi7ation  by colnpmi]]g tl)c illtcmsity  o f  tlIc. eltistically  scattclccl e.lcdtc)]]s  with the

illtcmily of IIIC tiutoicmi7,ing  fe,atul-es. IJCM XC, aMoioI]i7,atioIl  fro]]] t}m levels w]lich lie. bc.twcml

llIc imlic lilnits  appears to accm]l)t

cfoss scctim  at iln~mcl  cmcrgics of

X)% aIIct 2.7% at 16 aIIC~ 26 c.V.

fc)r about  67% aIId 7.6% of the elcctmn i~npact  imlizaticm

14 a~icl  24 eV, ~cs]mctivcl  y; wllilc for Kr, tllc fmticnls  are
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1. IUlrorllldion

Autoimlintion  is a fmcilmting  phcIIomcImI  w]lich hm attracted considclabk  cxpcrilnemfal

and tlmoleticfil  intmxt. The autoicmiz,ing  levels  of heavy rare gmcs w}]ich lic bdwem tlw 21’32

atd 21>1~) imlic limits (kreafte.r  lcfcrrcd  to as t}lc. low Al ICVCIS) iIavc,  lxxx] the subject of IIMUy

]dmfon impact studies in rcc.ent years. “1’he.sc efft~~ Is have Id i]izd single phdolI  cxcitat  ion from

tlw gICNIIICt  state (e..g. h4aeda d al. 1993) and nlultiphoton  excitation from tlm ground  state or

lnctas[ab]c  le.vcls (e.g. WNIg md Knight, 1986; KlnT et al., 1992.; Kocckhovcn d al. 1994, 1995)

in ordcl to obtain  cl~e.rgics,  lilmlmpcs,  lifc[iincs, quantum defects, aIId j)liolont~sor]]ti[~]l  CI-OSS

seclicms for many of the low Al le,ve.ls. ‘J’he wit: of lnultiphotml  tcchl]iqucs  IIas e.lmbled many

of the otherwise optically forbidden low Al lCVCIS to be rwcld.

l~ve.rl though  c]cctron impact excitation c)f tlm low Al lmds can

chanlle.1,  such studies have attracted lnuch  less attention, possibly

difficulties, ]l]cctmn  iinpact  excitation of RII Al ]ed fmm t}w ground

e (EO) + X -* c(l~,) + X*(A E)

X*(Al~) ‘ X’ + ~(EPj) ,

tm a significant imlization

because of cxpcrimmdal

state proccds  as follows,

w]lcJe,  ){0 : I;r + A E, EO is tile kitletic  cntmgy of tl)c il]cident  clcctml, L’, is the residual energy

of the. seatte.rd  e.lcctml, and A}; is tllc cxcitatim~  e.mx~y of the autoicnliz.ing  lcvd (that is, the

cIIcI-p,y lost by tlw incidc!d  e.le.ctroll),  Note that clilm]c  sdcctions  Iu]cs CaII be thrmwl out since

e.le.d~otl  e.xchallge call t.akc  p]acc if lio is low cIImIglI. Since  Xi lies il] tllc ioni~,atim] co~ltilluu~nj

it cm autoiollizc  by ejecting a se.co]d dcctr(m with energy  Eej = A E - l;i, whe,lc F;i is tlw

ionizatiwl  clmlgy of X. OJIc additional cojn~)licatioll  arises from the. fidct that autoiolliz.itlg levels

am vcIy slIoI t lived (froln fs to ps lifctilncs)$ If 1;, is very sjnal] (smmd IncV) tile scattmcl

elect rcm lna y still bc ill the neighborhood of the cxcitcd  target when the sccold  elect ron is ejected

(depcding  OII the lifetime) ald a post-collision il]te.laction  (lU) twtwccul  tlm two elcctl-olis will
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O(;cul.

lilcctmn im]m.t excitation clf autoiolliz.illg Ievcls call be slucticct  by ctctccting the product

ion, the scattcrcct electron, m Ihc cjcctcct  clcctlcm; either scj~a~ately,  01 iu coinciclmcc.  ‘1’hc oJIly

previous electron impact stuclics  of tllc low Al ICVCIS  of r-tire gases  have. been thcm of Mame.t

Nvd PJOUIX (1 990), ancl }lammm]cl ct al. (1 988). h4m1nct and 130u1x observed the low Al lcvcks

as slmll  pc.durbaticms  to the total Xc+ production curve, mcasurcct as a function EO. I lamlnoncl

ct al. have observed the low Al ICVCIS  by ut i] i z,i[lg thrcsl)o]cl  elect ton energy loss spectroscopy

(Ii] i] ,S). ]J] their case, only c]ectrons  with E, < 2,() JncV were? cc)]lcctcd  as”a function of }iO. The,

cmuil~g rem]ts  were particula]-]y useful fo]- a sturly of 1’0 effects (Read atd ]Iatmnoncl,  1988).

‘1’]ICTC arc other c]cctron  impact stuclie.s  of Al IC.VC.IS i~i ram gases (e.g. scc Gmcr, 1992; 13axtcr

ct al., 1982), but those we.rc conccrnccl  with Ie.vcls  which produccct ejected  c]cctrons  with

clmgic.s  gm~t cr than scvcra] cV. ‘1’]lis was probab] y bccausc c]cct mm with such kimt  ic cncrgics

arc c.asi I y anal yzccl with convent imlal elect roll C]mrgy spcct rol [Ictcrs cmp]oying  c.tcct  rest atic

disj)crsive, eJcJIIcJIts. I;!ectrcms with kinetic cnclp,ics of a fcw tcliths of an ev arc difficult  to

obscl vc wit h a convent icmal elect mst at ic spcct r m I Ict crs bccausc  low emcrg  y elect mm arc nmrc

susceptible to IIIC aberrations anct surpdcc  cmditimm of the lcnm w}lich  arc cmp]oycct to collect

t]lc electrons and guide thcm through tile. dispersive. c]emcnts  of the spectrometer.

Rcccntl  y, wc have constnjct  ccl a time-of- flifllt (’1’01;)  elect.ton s~mctrometcr  which is free

of focusing and energy-dispcrsil]g c]cctric and l]lap,l~ctic  fickk. This spc.ctromctcr was utilimd

to ]nc,asurc ratios bctwcc.n i~lclastically and c,las[ical]y  scattcrcd  e.lcctrons (froln gaseous targets)

w]lic]l  arc frc.c from the im[rumcmtal  c! ffccls cllcoulltcrcd  with conventional c]c.ctrostatic

SpCCtI”OJllCtC’Js,  “1’]lese ratios, ill turn, can SCJ vc as SCCOll&Wy  sta]ldards fOr I10rIUali7,illg illChMiC

di ffcrc]it ia] cross sections obt aimxl froln mc..asurcl  ncnts Inadc with conventional c]cct rostat ic

spcct rcmlctc~s (Ixflair  and ‘1’rajmar,  1996). llurit~p,  our work with rtirc gases, we noticed the
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appcalancc  of sharp structurm at very long ftigllt  times which wcm d~lc to e.lcctlolls ejected frolll

the low Al levels. We studied tl]c cjcctcd  clcctlon sj)ectra oblaimxl  from Kr aIId Xc aIKl the

results of this short illvcst  igat ion arc present cd bc]ow.

2. Appmitus and method.

A brief description of the apparatus will be given only since a detailed dcscripticm  has

already bccll  published (1 ,c[lair et al,, 1996). I;sscntially,  the a])parat us consisted of a lnutually

orthogolwl  electron beam, gas bcaln,  mld drift tube. Tlwse items WCIC pl;ced  in a lnagnctical]y

shielded (< 2 mgauss) vacuum chamber and baked at 1 S0 0 ~ to lnaintain  clean surfi~ces.

We used a simple elect roll gun which  is capable of producing a highly collilnatccl  electron

beam of up to 220 nA in the d.c. mode, from 2 to several hulldlccl CV impact energies. When

operated  in the pulsed mode, tl)c gun typically proctuccd gaussian  pukes  with widths of scverd

natloscconds,  depending 011 LO. Wc calibrated 1~0 by observing the threshold of mctastablc

product ion for each target gas with a Imutral lnctastab]e  detector. There were no energy

dispersing elements in tlm gun, so the energy width of the clcctro]l  beam was about 0.6 CV

(l~WJ IM), which is typicti]  of tlvwnicmic  sources.

“1’l)c drift tube was c[MNILICtC.d out of sheet lnolybdmum  and IIad two apcrtules  to define

a vjcw COIIC with an apex of 6“. ‘J’hc end c)f the dl-ift tube was tcr[t]inated  with a grid, followed

by a post-acceleration voltage of 450 V onto a stack of 40 mm diameter multi -c}lanlm]  plate

elect roll mult iplicrs. The field free drift distance for scattered elect  mm was 21.6 c~n, giving  an

clcctrol~  tilnc-of-flight, 1 (11s), of

t = 364/dli, (1)

where E is the kinetic energy of the electrons in eV. The kitmtic  energy resolution for
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ejcctcct  clectrcms  is predolnina]ltly  given by

6E ‘ 2Eb@ (2)

w}mc bt rcprcsellts the tclnpora] width of the incident clcclron  pulse. ‘1’hus tllc em.lgy

icsoluticm ilnprovcs  for lower kinetic cncrgim.

Toll spectra were acquired by using a tit]~e-to-at~l])litude  co]~vertor  (’l”AC) in co~ljuimtim

with a ~n]lse height analyzer which opcrate(t undel t}m control of a persona] computer. TIN time

scale was ca]ibmtccl wjth a high pr-ccision  digital delay gemlatol. ‘1’hc pulse mte of the elcctlon

gut] was 100 Kllz,.
.

‘J’O aid il)tCrJXCla[iO1l Of fC~tLllCS  jJl []IC ‘] ’(]]; SpCCtra,  it is CO1lVC1liC1)t  to CO1lVCl~ thClll  tO

kilmtic energy spectra by a change of variable. “I”hat  is, if F(t) rc])rescmts  a TOP spectrmn, tlmn

its kim.[ic  energy spcctrutn, F(E), is given by

F(E) - I’yt)t’ . (3)

OIIC ]llust  exercise caution whc]l interpreting fcatmcs ill the kilwtic  energy  spcctmn si]we the

t3 factor ill (3) greatly exaggerates noise at long ftigld times. We applied Gram’s metlmd of

sl~motlling  to the spectm  (o reduce the noise  (}lildelmnd,  1987), Also, careful attention ]nust

bc }~~id to background subtraction before the transform is done. WC USNI tbc background ia

ml ‘1’(11;  spcct rum which occurmt  past 1800 ns. ‘1’hc count  mtc during  data acquisitio]l  was

lCSS tlwl  500 cps ,  so  there  was  ]m tilti]~g  of tl~e backglou~ld duc to TA~ pile-uJ~.  ‘1’lIc

ac.cuMcy  of the kinetic energy  scale dCpCJKtS on the linearity  of ‘J’AC; and the location of the

I == O ]nwk in our TOF sJxctra, ‘J’hc ]incari(y  was chcclwd with a precision digital  ctclay

gcJwrator,  aJld amounted to a j ] JN deviation over 1000 ]]s. ‘1’hc ? == O mark was located wi[h

lcspcct  to the Imximum  of the clast ic scattering feat urc prcsellt in each “1’OF sJJcct  rut n and

wlculated  by using equation (1) ancl the calibrated clcc[ron irrq>act t:JwJgy. This was accuiate

to witl~in  32 JIS. Thus the accuracy of the kinetic energy SWIG ior a feature at 540 ns (SCC
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figutc 2.) is about + 4 meV (from cquati[m (2)), and this improves with inc] ming t irne-of-fliglu.

3. RCSUMS and discussion.

A TOF spcctrwln resulting fto~n electron ilnpact on Xc is showJ) in figure 1. “1’hc

prominent features duc to elastic and inc]astic  scattering, ald tl]c autoionizing features arc

labcllcd  inthc  figure, Note that fore.vcry ejectedcl  cctronfc aturcinfigurc  I,thcrc must bean

inc]as{ic feature corrcspondi~lg  to the scattered c.]cctron. Such feat ures are not resolved in our

TO}~ spectra because the temporal wi(ith for inclasl ic feat urcs depends cm the electron pulse width

and the energy distribution of the incident clectroi] beam (0.6 eV). However, the temporal width

of an ejected electron feature is dct erlni ncd by the CIUM ion of the incident  electron pulse ald the

natmal lifetime of the Al level rcsponsib]e  for that feature. In the case where an Al level has

a l~alrow  cmcrgy  width (but wit]] a lifetilnc  short colnparcd  to the il)cidcnt  pulse) then the width

of the Al feature in the TOP spcetrutn  is app~oximate]y  equal to the duration of the incident

pulse.  13y il)spcction  of feature g ill figure 4 it was de.ducecl  that the incident pulse width was

about 10 m since the lifetime of the associated lC.VC1  (Xc 8s’[1/z~ 1 ) is about 250 fs (Wang and

Knight, 1986). This gives all irlstrul~m~tal  clingy  width for that feature of about 20 mcV ([he

natural width is about 2.6 meV). WC would like to point out that wc did find some smal]

features ill the TOU spectra caused by reflection of tlic incident electron pulse off of some of the

structures in the vacuum chamber. 1 lowcvcr, these “echo” features occurred much earlier in tilne

than the autoionization features. h40~covcr,  they challge.d  shape and decre.ascd in ftight time with

increasing electron impact energy. TIIC aut oiolliz.at iwl feat urcs occurred at t}lc same t imc-of-fl ight

regardless of impact energy, as loIIg as & cxcccde.d a charactej  ist ic thrcsho]d  value.

Singly excited levels of heavy rare gases me characterized best by the]l coupling scheme,

in which the orbital angular monle.ntun~  / of the cxcitcd  electron is strongly coupled to tl]e.
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angukw mmncntuIII~  of the ion core, fcmni]]g a rcsu]tmt  angular InomeIItuIn  K. K is tlm weakly

coupled to tlIc clcctroII  spins, giving  total angula~ IImmcxItuII~ J. ‘]’]Ic  core lcve.ls arc Ilps ‘I’lp al]ct

21 ’3,2 (with il]vcllcct  fillc structure), giving  j = 1/,, 3/z . Notation is Jd[K]J, with a prinic (’) cm 1

implicating j = ‘/2.

a. xc

‘1’hc results fmn Xe will be discussed first since most of the present work was dollc  on

it because. of its larger autoicmization  cross scctioll. Kincticcnergy  trm~~fom~s  of ‘l’Ol:s]Jcctra

obtailmct  froln Xc forclectron  ilnpact  energicsof l;. = 14.0, 24.0, and 300 eV are shown in figs.

2, 3, and 4, mspeclive.]y. The features clue to electrons ejcctcd  fmm autoionizing levels are

labclled  a through k, in correspondence with fig, 1; and there is feature 1, which appears in

figuw4cmly.  Ide.lltificatiollo  ftllelcvelsr  cs])ollsil)lcf orf&AtLlresat  (>lareil  ldicatcdii  itable  1 .

“1’ab]e 1 lists tlm some c)f the supcrcxcited  ICVCIS  of Xc bctwecll tlm ionic limits a])d the i r

cor]csponcling  excitation energies. ‘I’llcejcctcd  clc.c(rol~  kimticmmrgy  spectra of figs. 2 and 3

were ticquircd  using  an electron beam of 10 nA (the current was Jneasure.ct  in the d.c. mode) and

each took 48 ]Iours to acquire. It was much quicker to acquire spcc(r~ at higher bealn  CUJ rent

(fig. 4 was acquirml  in 8 hours at 200 nA current), but we found that the positions of the, features

s]lifted somewhat tc) higher kinetic cncrgics  (from t]mir  spectroscopic vahm) With increasing

clcctrcm  bcal]l current. We also obscrvcct that the shift was not exactly 11N3 same for wrch fmturc,

Wc arc unsure of the reason for the shift, but bclicvc  that it is a complex interj)lay of space

char~e and sulfate conditions in the intemction  region which arc affcctcd  by clectlon beam

current. Wc studied  the current depcnclcnt  sl]ift only for Xc and only at 14 CV electron impact

energy. “1’inle  did not permit us to study it at other energies and for KI.

(.>nc obviol]s  observation of figs. 2, 3, and 4 is the clmnge  ill structure with elccttol]
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impact mcrgy. “H~is arises frcm~ the WC1l known  behavior of elect rcm impact cxcit at ion cross

sections for optically forbidden allct  optically  allowed transiticms. Electron ilnpacl  excitation cross

scctimls  for levels accessible by optically forbidden transitions peak rapictly within a few CV of

thrcshcicl  and fi~ll off nearly as ra])ictly. I%atures a to e, and h behave this way, being  prominent

iu figs. 2 al~d 3, but absent froln fig. 4 . Conversely, cross sections for optically allowed

transitions gradually increase to reach a maximnn  which may be dozens  of eV above threshcdd,

and then fdl off, usually more gradually than the rjse to t}m maximum. Examples here arc

features f atd g wliich belong  to the nd’[3/zl  1 and ns’[l/zll rydbcrg sdries and are optically

accessible from the grcmlld level. I;caturcs from these two series are the only ones present in

fig. 4 (EO = 300 eV). Note that in fig. 4 the s’ series members with 11>8 appear as shoulders to

the d’ series sjncc the resolution gets worse for higher cjcctccl energies, see equation (2). ‘1’he

resemblance bctwccn  the ejected electron mcrgy  spectrum of fig. 4 and photoabsorption spectra

of the nd’[3/2] 1 and ns’[]/z] 1 series of the heavy rare. gases (Macda  et al., 1993) is remarkable,,

even reproducing the asymmetric IIcutlcr-l;ano profile of the nd’[3/z] 1 levels. q’his  is yet another

example of how electron collisions mimic photon collisions at high energies (Inokut  i, 197 1).

Features a, b, and c originate, from tlw 7p’ [3/,] 1, the nnreso]vect  7p’ [1/2]  1 plus 7p’[3/,12,

find the 7p’[]/z]0  autoionizing  levels of Xc, respcctivc]y.  They are very prominent, as ale the

IIighcr members c)f np’ series, at low electron impact energies. The excitation energies of these

lCVCIS have been mcasurccl  accurately (Grandon  al]d I]usson,  1981; Kocckhovcn et al., 1995).

]k%urc c may appear to be indiscernible fronl noise  in fig. 2, but it is real; it could be seen more

clearly by increasing the electroJl current. Features a, b, and c did not shift any noticeable

amount  as a function of current up to 100 nA, but by 200 nA jt was about 20 meV. l-heir

positions match the spcctroscoJ>ic values  in the & =- 14 e.V spectrum (fig. 2,) but their positions
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arc shifted  by about 10 to 20 nmV below their spectroscopic values at IiO =’ 24 eV (fig. 3). We

attribute  this to slowly building surface patch fields withirl the. drift tube, since fig. 3 was

acquired after fig. 2. Those patch fields  probably account  for the fairly sharp cut off of electrons

witl~ c~mrgies  below 0.1 eV in the kinetic energy spcctm. As surface, patch fields gradually grew

WOISC with time, autoicmizing  fw~turcs shiftccl  to ]owcr kinetic mergics,  and the slowest features

would disappear from the spectra,

l~catures  d and e are probably from two of the 6d’[S/,12, 6d’[3/,~2,  and the 6d’[5/2]3  Al

levels, with the third being unresolved or absent. WC could find lm spcctrioscopic  nmasurcmcnts

for the excitation energy of these levels. ]llstcad wc used tlm quantum defect for the nd’[s/z]3,

n = 8-40 levels lneasured by Kocckhovcn  et al., 1994, and il Iterpolatecl  with the quantum defect

for tl~e n = 5 lCVC1 (Moore, 1957). There was practically no change in the quantum defect from

JI L- S to n = 8, so we estimate our calculated energy is close  to within ().01 eV. We calculated

tlw cmrgics  of other Al levels  in similw fashion, a]]d these have been denoted by an as(erix in

‘J’ab]c 1. A kinetic energy shift of up to 40 nwV at 220 nA was observed for these features.

l%at  urc f, as we mentioned above, arises from the 6d’ [3/2)1 ICVCI,  whic}l is optically

accessible from the ground  state. l~caturc  f is mostly absent fton~  fig. 2, apparent in fig. 3, ald

VCJ y st ro~lg in fig. 4.; typical for cle.ct  ron impact cxcit at ion of levels which arc accessible by

o]d i call  y allowed t rmsit  ions. The enormous width of feature f (rclat ive to the others) comes from

its cxtrmcly  short lifetime, about 27 fs (Maecla  ct al., 1993). ‘1’hc maxi~mun  of our feature is

slightly }lighcr  than the measured spectroscopic value (Macda et al., 1993), and this may be due

to P~l since tlm lifctitne is so sho]l, If an electloll  is cjcctcd  while the scattered electron is

nearby, the ejected electron acquires extra kinetic elwrgy since it is no longer escaping an ion,

tmt a dipole.

There aTe six different unresolved ]eve]s w]lic]l could contribute to feature g (see tab]c 1).
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“J’lw optical]y  allowed 8s’[’/z]  1 lCVCI ]n-obably  contributes the most to the intemity  at EO = 24 eV

and above  (figs, 3 and 4) and whi Ic tlm optically forbidden 8s’ [1/210 and 4f’ levels probably

clomilwte at EO = 14 eV (fig. 2). 13y plotting the energy shift of feature g as a function of

curl-ent,  it was observed that the shift had pract  imll y c]i$dppeaTed  (to within a few mcV) when

extrapolating to zero current. The shift was not a linear function of current, but appeared to bc

reaching some asymptote with increasing current,

l~cature  h is made up of 8p’ and 7d’ levels which cannot be reached by an optical]y

allowed transit ion from the ground state. 1 kat urc i is from the 7d’ [3/2] 1 h.%e], and appears to be

shifted by 10 nmV above its spectroscopic energy, but it is not clearly resolved. Feature j is duc

tc) overlapping 9s’ and 5f’ levels, feature k arises from 8d’ and 9p’ levels, and the last assig]wd

fcatutc  is 1 (fig,. 4 only), from the 9d’ [3/2]  1 level. Iligher up the energy scale the renlainiI~g

feat urm overlap, forming a smooth col~tinuum, until the abrupt drop at the 2Pln ionic limit.

We have searched the literature and found only one other example of an ejected clcctmi

energy  spectrum for Xc for the low Al levels. in that work (Penent  et al., 1990), Xe atoms were

bombarded by H“ ions at 5 KeV. A 127° cylindrical analyzer was used to obtain an ejected

elect  ron spectrum which closely rmnblcs  ours, except the feat urcs w}lic}l  ]ic below ().4 CV do

IIot appear in their spectra, It may be possible that IT] with 11- ions has something to do with

this, but it is more likely that it was caused by an instrumental effect in their energy analyzer

since, as stated earlier, it becomes increasirlgly  difficult to collect, focus, and analyze c]cctrolls

as their kinetic energy dccreascs. ‘l”his  illustrates one advantage of using TOl~ electron

spcct roscopy over conventional elect rest at ic lM ,S.

Another advantage of TOl~ spectroscopy is t)lat  a direct comparison of the intcnsit  y of (WO

different features in a TOF spectrum CaIJ bc made without facto] ing in the instrumental collection

efficiency, as is done with convcntiol~al electrostatic electron energy analyzers. Thus, it is
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possible  to czdcu]a(e [Ile electron scattering differential cross section (DCS) for one feature, by

IIMIN of cwnparison with a~lotlm feature. for which the 1X3 is known.  q’bis  has been discussed

our previous paper (1 .e~lair and Trajmar, 1996) JUKJ can be briefly described as follows. Ijirst,

the illtmmity  of the elastic fw~turc is used since elastic 1X3’S are well established, and the elastic

feature in TOF spectra is usually well separated from other features. The scattering intensity

associated wjt}~ the elastic feature (/,]) is related to the elastic D~S  by the following

proportionality:

I,l(EO,O)  a f j(x,y,z)n(x,y,z)  DCX~,(EO,O)A Q(x, y,z) cJV ‘ , (4)

where j is the current density; n is the number density of gas molecules which make up the

target; llCS.l is the elastic differential cross section at EO and O; A Q is tile view cone into

whit.1~ the scattered electrons are collected; and dV is the volume element located at position

(1, y, z). “1’hc scattering intensity associated wjth an inelastic feature (Ii,,rl)  is reJated  to the

il)e.hrstic  DCS by the same proportionality, cquatio]l (4), cxce,pt DG,I is rep]accd by DCXi,,C1.  13y

takirlg a ratio of the. two proportiolmlitim  onc obtailm IX3U,C1 = DCS,, lU,.l/f,, for a given E. and

o.

l;or electron inlJxict  excitation of autoionizillg  levels this method cantlot  bc apJdiecl since,

irs siatcd earlier, the scattered electrons causing excitation of individual autoiollizirlg  levels catmot

bc mso]vcd in the JmscIlt  TOl~  spc.ctra. Thus, t}m IICS for scattering fro~]l those levels cannot

bc determined. J]owcvcr, it is possible to obtain a reasonable estimate of the integral cross

sect ion for elect ron impact excitation of an autoioni  zing level by a CO1 uparison  bet ween the

it~tcnsify of features due to elastically scattered electrons and ejectc(l  electrons. This estimate

I cq ui m two assumJ~t  ions. First, i~ is assunt ed fhaf ihc ejecfed  elec?rons orc etnif[ed  iso[ropically.

Wc ]MVC no mcat]s to test this assulnption  wit}] the present aJ)JJaratus. It ccl taillly cmnot  hold
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if Pc,l takes place. Secondly, the autoicmizing  features  in the kinetic  energy  spectra  are not peaks

but hdlcr-l;ano  profiles supcrjmsect on a background of elect rcms associated with the *[’3P

col~tinuunl. ]kmtlcr-]%no profiles typically have a portion which extends above the continuum

and one which extends below. It is assumed that the negative going portion of the Ikwtler-Funo

profile is very sntall  since wc se.c no cvide~wc  of it in the kinetic energy spectra, Thus the

fcnturcs  can bc trwatcd  as peaks on a background and their intensities can be easily determined.

‘l%c intensity of an Cjccted  c]cctron  feature. ()*1) is tbcn related by the fo]lowing  prO]>OrtiO1lality:

~A,(l~O) U ~ j(x,y,z)n(a’,y,Z)  0 *,(&)A ~ (x,y,Z) dV/(4n)  “ , (5)

where oAI is the integral cross section for electron impact excitation of an autoionizing  level.

Di\~iding  (5) by (4) we obtain

U*, = 4nRDcse,(Eo,o) (0

where ]{ = ~*l/~.l  , the ratio of the intensities obtained from the “1’OF spectra.

13quation (6) was applied to most fe.atutes in figures 2 and 3 and the results for R and o

appc.ar in Table 1. ‘J’Jle values for DCS,,(O=90”  ) for Xe at 14 and 24 eV were obtained by

intcrpolat  ion of the experimental data of Register  et al, (1986) (46 and 19 x 10-]8 cm2/st  er

rcspcctivc]y, j 30%). ‘1’hc errors in calculating R are estimated to be between 25 and 75%

bccausc of the overlap bctwmn fcatuws which required unfolding, and the uncertainty in the

background. l~or the background, wc fitted two cxponcntia]s  to trace out the mil)ima which

appcm bet wccn the fcx~t  ures a to k in the T(3I; spect t-a. An example is shown in figure 1. By

subtract ing this rcasonab]e estimate for the backgt ound, we were also able to obt air] the total

autoionization intensity and calculate the integral cross sectio[ls for autoionizaticm  by all lCVCIS

between the ionic litnits for impact energies of 14 al~d 24 eV. ‘Jlesc  arc plotted in figut-c 5 along

with the integral cross section for electron impact ionization of Xe as measured by Kris}makumar



and Srivastava  (1988). At 14 cV, electron  impact ionization by ~ncans of autoionization

fol about 2/3 of the iol~ization cross section, and this drops to about  7.5% at 24 eV.

14

accounts

Note that in equation (6) wc are comparing the intensities w}lich  come from low energy

elect tons (<1 cV) with those of higher energy (by lnore.  than a facto] of 10), We cfitnmt vdy for

ccl [ail] that all of the low energy electrons are being collected as efficiently as the highm cnclgy

clcctr-ens, owing to patch fields, etc., and so our cross sections must be considered an cst i mat e,

ancl possib]  y a lower bound estimate.

.

h Kr

Kinetic energy spectra of electrons ejected  from the low autoionizing  levels of Kr are

shown  in figures 6 and 7 for EO = 16 and 26 cV, rcspcctivc.ly. “1’hcy were both obtained using

10 nA of electron current. Due to a lack of time and a change of research interests we were not

able to obtain spectra at higher current and electron impact energy. The features arc labc]lcd a

t{) 1 and identified in Table 2. ‘1’hc energies which arc listed ill ‘liable 2 came from spectroscopic

~]lcasurcnwnts  by IMsart  and Keller (1 983), Wacta ct al. (1987), Klar et al. (1992), Macda at cl,

(1993), and Kocckhovcn  et al. (1994 and 1995). Wada et al. (1987) obtained mcasurclncnts for

the 7d’ levels  only. Since there arc no measurclncnts of the cncrgics  of the remaining members

of’ t}lc nd’ series, those energies were calculated from the quantutn  defects for the 7d’ levels,

cxccpt  for the optically allowed nd’ [3/2] 1 levels  for which accuvit  c measurements exist (Maccla

et al., 1993),

‘J’he Kr data was acquil-ed  following our work with Xc. Surface patch fields had increased

such tl]at  the kinetic energy spectra from Kr had to be shifted by about 25 meV in order to

identify the features. This was determined by shifting the kinct ic energy spectrutn  taken at EO ==

2.6 CV so that features a and c matched the spectroscopic clm-g,ies  of the 8s’[]/2) 1 and 7d’ [3/211
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levels, rcspccl ivcl y. 130tlI features  a a]ld c are absent  fJ’OJn the spcWuJIl taken at 16 cV, hence

tlwy must bc associated with levels which arise from optically allowed transitions. The 25 me,V

shift resulted in a good match betwecll  the remaining features and tlwir spectroscopically

dctmmined  energies,

As with the killctic energy spectrum obtained  from Xe, there is a sharp drop in intensity

in figures 6 and 7 below 0.1 CV which is attributed to patch fields  in the drift tube. This leads

to a greatly diminished intensity for feature a (compalcd  to Xc). Iieaturc a appears to bc

indiscernible from the noise which surrounds it, but it dots appear in the ‘1’01; spectrum as a

slnall bump at 1340 m. ‘IIC  width of feature a is approximately 5 mcV. To the left of feature

a onc can see what appears to be struct me from the 6d’ t crms, but we could not discern anything

from the background ill the TOF spectra in that range (over 1500 ns). l:cat  LJIC b appears to be

duc to the 5f’ tertns; some structure can be disccmcd at 16 eV, but little. CISC. at 26 eV, possibly

duc to the distortion frcm the patch fields.

Feature c call probably be associated with the 8p’ term, even though it is slightly lower

il] energy  than spcct roscopic  measurements, since half oft he fine structure. ICVCIS  of the 8p’ t c1 tn

have not yet been nleasurcct. }leat ure d arises from the lJJlreSOIVCd  ‘7d’ [5/2]2, 7d’ [5/2]~, ant]

7d’ [3/z12  terms. As in the case with Xe, both the np’ and ild’ autoionizing series arc very intense

at these impact cncrgics. As stated earlier, feature c arises from the optically allowed 7d’[3/zl  1

lewcl,  and feature f from the, 9s’ and 6f’ terms. I%atures g, h, and i are silnply  the next higher

lnc.n\bcrs of the levels  which contributed to features c, d, c, and f. I.ikcwisc, feature j is made

up of the next higtwr Ine.mbms of the levels  in features g, }], and i, but they arc unresolved,

Sitni]ar assiglitne~lts apply to features k and 1.

Compiled in Table 2 are t}~e ratios and calculated integral cross sections associated with

solnc  of the features, along  with the summed cross sections for all the low AI levels in Kr. ‘I%e
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Va’l UCS for DQl(O= 90”) for Kr at 16 and 26 CV were obtained  by interpolation of the

cxpcrimcntal  data of lJal]jo (1 988) (40 and 24 x 10-ls cm2/s[cr respcctivcly, ~20%).  The total

low AI lCVC1 cross sections have also been plottecl  in figure 5 for comparison with the total

ioliization  cross section of Kr by clec(ron impact m measured by Krisl]nakunlar  and Srivastava

(J 988). ‘1’he results arc similar to those  obtained from Xc, except that the fraction of the total

ioni7Mion cross section  clue to autoionization  is stnaller.

4. conclusion
.

Kinetic energy spectra of clcctrolls  cjcctccl  from autoionizing.  levels of Kr and Xc w}~ich

lie between the 2P3,2 stud 2P1 ~ ionic  limits have been obtained using field-free T(3F electron

spectroscopy. An attempt was made to obtain the same from Ar, but no features could be

rcsc)l vccl.  Uor Kr and Xc it was possible to scc distinct features due to AI froln particular energy

Ic.vc.Is;  and produce a reasonable cst imatc of the elect  ton in~J>act  excitation integral cross sections

for Illcsc levels, with ccllain assumptions. The assu~l~ption  that the ejected electrons are emitted

isotropically  could not bc checked since tile. drift tube was fixed at 90°, and the angle could not

bc clmlgcd without substantial rcdcsiga a]lcl construction, We were also not able to test IIow

WCII the assumption holds for lCVCIS with different Al lifetimes, or with respect to the amount

of illcidcnt  electron current. It would be illtcrcstit~g  to continue this work, but not on the present

apparatus. llirstly, tllc pulse width of tllc electron gun would have to be shor[cnecl in order {.o

improve t}le resolution of the autoionization  features. Secondly j and more impo]lantly, our

vacmml system cannot maintain tlm ncccssary cleanliness required for the length of time it would

take to C1O a thorough study. Patch fields attenuated features below 0.1 cV. After two weeks c)f

operation this cut off would increase, low kinetic energy Al features would diminish in intensity

or cliwppcar,  and higher energy features would shift clratnatically,  indicating conta?nination  of the
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Sllrf-zdccs  exposed 10 ll)C electrons. I lowcvcr, for the time being, the presence of sharp features

iti the kiuetic  energy s]wctta with energies of about 0.1 to 0.2, CV represents a bcnchmatk in

l;lil.S,  and the measurement of Al excitation cross sections appears to be novel as WCI1,
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Figuru Captions

Fig.

Fig. 2

l~ig. 3

}~ig< 4

l~ig. S

Fig. 6

1{’i~. 7

Time-of-flight spectrum obtained from Xc at EO = 24 cV, 0 = 90°. The elastic and
itudastic  scattering features arc bc]ow 250 ns. Above 250 m a magnification factor of
2S has been app]iccl.  The features which arc clue to clcctrom cjcctccl frcm autoionizing
lCVCIS of Xc arc ]abcllcd  a to k, TIIC solid line above 250 m rcprcscnts a double
exponent ial fit to the background caused by electrons ejcc(ed fro~ n t hc ccmt inuum above
the 2P3P ionic  state of Xe’ (see text fo~- details). The positions of electrons ejected at
both ionic limits are shown,

Kinetic energy spcc(rum  of electrons ejected from Xe for lid = 14 eV. ‘1’hc energies of
the s’, p’, cl’, and f’ autoioni74ing  series and theit fine slructure  ccqmncnts  are shown for
several principle quantum numbers. The exact values of these energies arc listed in
Table 1. “1’hc 21’lB series limit is also shown. The features have been labcllcd  a to k, and
correspond to tllc features with tllc satnc labc]s  itl figutc 1. “

Same as in fig. 2, but for & = 24 eV.

Same as in figure 2, but EO = 300 eV and only the optically allowed levels are shown.
This spectra was taken using a high electron beam current of 220 nA, and consequently
was shifted by about 100 meV. The kinetic energy scale has been adjusted so that the
8s’[1/q] 1 feature appears where it should  bc, at E,j = 0.445 eV, but there remains a slight
Iniss-match between tllc features and their s~)ecttoscopic  energies furt]lcr to the right (see
text for details).

The total integral cross section for electron impact ionimtion of Kt and Xe (solid lines),
intcrpo]ated  from the data of Krishnakumar and Srivastava  (1988). Also shown are the
integral cross sections for mltoiol~iz,ation  by all ICVCIS bctwccn  tllc 2P3n and 2P1,Z ionic
lilnits  of KI (x) a.l~d Xe (+) as clcterlnined  from the TOP spectra.

Same as ill figure
KT arc not related

Same as ill flgurc

2, but
to the

6, but

for Kr at ZiO =16 eV. The letters assig]~cd to the features from
letters assi:,acd to the features from XC.

EO = 26 cV.
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‘raMr J. Partial list of Xc autoiol}izillg levels which lie bctwccn  t}]c 2P3U aTId 21’,D i~lli~
limits aml their sJxctmscoJJic  mm gics (first COlllIIIH).  Ako Showil  ate tJw’;jectcd
c]cctmn kinetic cne.rgics, [he feat urcs they Corl cspoJd to ill fig. ~, t]lc cncrgie.s of
those fcalures lncasurccl by ‘l’O1;, the jntensi[y  ra[io of those features with respect
to c]astic scattering, and their iJltcgIal cross sectimls at 110 = 14 aml 24 cV. ‘]’]lC

icminticm potentials used for Xe’ [2 P3,2] and Xc’ [21>1,Z] were 12.130 eV (Grmldiu
and lIIJSSOII, 1981) ad 13.436 cV, rcspcctivc]y (Wang ancl Knight, 1986), The
spcct roscopic mlcrgics for tllc table came frol n the aforcmcnt iom.xl references,
Maecla ct al. (1993), and Kocckhocvcn et al, (1 994 and 1995). Note that the
spectroscopic energies were given ill units of cln-’ with much more precision thm
required for this work, ‘1’he.y were convcrlccl to CV using 1 eV = 8065.541 cm”],
and rounded to five sigtlifictil]t figu]cs. TIIC energies denoted by an astc,rix were
obtained by interpolating qua[]tum rlefc.cts (sm text). “1’he J values iII J)atenthesis
iudiwtc that no mcasurc~ncl]t is available for t]mt Jcvcl,

&{~v]

12,2s7

J2?81

12.283

12.304

12,342’

12.355’

J2,369’

12.431

12.570+

J2.5”15

12.575

12.576

12.576

I.CVC1

nt’[KIJ

7p’~3/21]

7J)’ []/z]  1

7]) ’[3/212

7p’[1/2]o

6d’[s/212

6d’[3/212

6d’ls/213

6d’[3/2)1

8s’[’/2]0

4f’[7/2]3,  4

4f’[s/2]~

4f ‘ [s/2]2

8S’[’/2]]

IIjcctcd “l’O1;
Ihcrgy l~cat urc
fitj..~v~

0.127 a

0.151

)

b

0.153

0.174 c

0.212
0.225

1

d,e
0.2.39

0.301 f

0.440
0.445

I

0.445 g

0.446

0.446

“1’OIJ
Iinc.lgy
J;tj_{cvJ

0.110

0.150

0.170

0.210

0.?.45

0.330

0.450

R (%) 0 (x 10-18 cd)

!.4 G.v. 24.!22 I 4 cl’! 2 4 a

0,:+4 .49 2.0

0,54 1,04 3.1

0.?() 0.61 1,2

0.68 1.14 4 . 0

2.00 -

0.2(9  0.23 1.2

1.2

2.5

1.5

2.7

4.8

.52
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‘1’ahlc 1. continued

1 .Cvcl

12.736 8]) ’[3/2]1
12.”J48 8p’ [’/2] 1
12.”149 8p’[3/J2
12.758* 8p’[1/J0
12.”772’ 7cl’[5/J2
12.778* 7cl’[3/z]2
12.785A 7(1’[s/z]3

12.813 7d’ [3/z] 1

12.885 9s’ [ ‘/2]0

12.886 5f’[7/213, 4
12.886 5f’[5/2]2, 3
12.888 9s’[’/2]1

12.980 9P’[3LI( 1), 2
12.985 9p’[’/210, (1)
12.991 8(1’ [s/2]2
12.993 8d’[3/z12
12.998 8d’[s/J3
13.013 8d’[3/2]1

13.054 6~ [7/2] 3, 4
13.054 6f’[s/z]2, 3
13.055 10s’[ 3/210
13.056 10s’[3/2]1

1 ljcct ccl ‘1’01: ‘1’OIJ i< (%) o (x I ()”’8 Cmz)
lhlcl’gy lh(lllc I;llclgy

0.606
0.618
0.619
0.628
0.642
0.648
0.655

0.683

h

i

0.755

\

0.756 j
0.756
0.769

0.850 ‘-

0.855

0.861

0.863

0.868

0.883

0.924

0.924

0.925
0.926

k

0.640

0,710

0.760

0.880

0.29 0.64 1.7 1.5

.

0.24 - 0.58

0.071 0.33 0.41 0.80

0.13 0.54 0.74 1.3

13.111 10p’[3/J( l), 2 0.981

13.114 10p’[]/2]0,  (1) 0.984
13.117+’ 9d’[s/J2 0.987
13.119 9cl ‘[3/2] 1 0.989
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‘J%hlc 1. Con[iml  ccl

1:3.121
13.130
13.156
13.156
13.157
13.193
13.195
13.196
13.197
13.199
13.205
13.222
13,222
13.223

13,436

I .Cvel Ejected ‘1’()): “1’01; R (%)
Ellcrgy

(1 (x lo’1~ C1]]2)
I;cature.  Ihcrgy

I!!?’lKIJ ~,j_(CV]
J ;C,j  (f3y]

!4.f?l!  ?4..cv  J4.G.V 24GV

9C1’[5/2]3 0.991
9d’[3/2]1 1.000 1
7f’[7/2]3, 4 1.026
7f’[5/2]2, 3 1.026
I 1s’[’/2]0, 1 1.029
1 lp’[3/z](  l), 2 1.06s

1 lp’[’/2]o, (1) 1.065
loC1’[’/2]2 1.066
lod’[3/2]2 1,067
lod’[5/2]3 1.069
loCi’[3/2]1 1.075
8f’[7/2]3, 4 1.092
8f’[s/2]2, 3 1.092
12s’[’/2]0, 1 1.093

xc’ 21’,,2 1.306

-. . ..__ _____ _____

Total 2.91 9.44 19 23
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‘J’al)lc  2.

~! (Cv)

14.()()9*

14.032.+
14.044*
14 .0’/0

15.097

14.099

14.118

14.119

14.196

14.204

14.2.24

14.2:+7

14.244

14.258

14.274

14.275

14.28?

14.287

14.:+S2

14.:338

23

Salneastablc  l,l~~lt for Kr, witl~IiO= 16and26cV. ‘J’lleiolli?,atioll ~~otel~tials~lsc(l
for Kr+ [21’3,t]andKr’ [W,p] WCIC 14.000 cVaIKl ~4.665cV,  reslJ~ctiv~ly (l~~~ll~aklllfi
ct al, 1993). “1’hc spcctrosccq)ic  energies for the first colulllll  were obtained  from the
mcasurclncnts of Dclsart awl Keller (198 S), Wada ct al. (1987), Klar et al. (1992),
Maeda et al. (1993),  and Koeckhocvcn  ct al. (1 994 and 1995).

12VC1

6cI ‘ [5/z]2
6cl’[3/,]2
6d’ [5/z]3
6d’[3/J  1

8s’[1/,10
8s’ [l/z] 1

fif’[7/21’i, (~)
Sf’ [5/2]2, (3)

8p’[3/2]2,  (1)

8p’[1/z]0,  (1)

7d’[5/z]2
7d’[3/2]2
7cl’[5/~]3

0.009 -
0.032 -
0.044 -
0.070 -

~

0.097 a
0.099

10.118 b
0.119

0.196

{

c

0.204

0.224

1

0.237 c1
0.244

7d’[3/2] ] 0.258

9S’[1/2]0 0.274

9s’[’/2]1 0.275
6f’[7/z]4, (3) 0.286
6f’[5/z]2, (3) 0.287

c

f

9#[3/2)2, (1) 0.332 g
9p’[1/,]0, (1) 0 .338 1

‘1’01;
lhcrgy
!Lj. (CM

0.100

0.130

0.190

0.240

0.275

0.335

R (%) 0 (x 10-18 CI1l*)

~6QV 26 eV 16 CV ~fi_.MV

“-

0.075 0.11 0.38 0 . 3 4

0.090 0.10 0.45 0.31

0.051 - 0.15

0.074 0.10 0.38 0.31

0.063 0.086 0.32 0.26
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‘hide 2. con[inucd

14VCI

14.349’ 8d’[5/2]2

14.357* 8d’[3/z]2

14.360* 8d’[S/2]3

14.369 8d’[3/z] 1

14.380 10s’[1/2]0, 1

14.387 7f’[7/2]4,  (3)

14.387 7f’ [5/2]2, (3)

Ejf3cled  TOI; ‘1’01/
Imclgy lkatlltc  I; Ilc. Igy
@,j_ (ev) I!ej. (L!v)

0.349
0.357
0.360
0.369

h 0.360

0.380

1

0.387 i 0.’.385
0.387

14.417
14.420
14.427*
14.432*
14.435*
14.440
14.448
14.453
14.453

lop’[3/2]2, (1) 0.417 ~
10p’[]/z]O, (1) 0,420
9d’[s/z]2 0.427
9d’[3/2]2 0.432
9C1’[s/2p 0.435
9C1’[3/2] 1 0.440
1 1s’[1/2]0, 1 0.448
8f’[7/z]4, (3) 0.453
8f’[’/2]2, (3) 0.453

j 0.440

14.473
14.475
14.480*
14.483*
14.485*

1 lp’[3/2](1), 2 0.473
1 lp’[’/2]o, (1) 0.475
lo(l’ [5/212 0.480
loCI’ [3/212 0.483
lo(l’ [5/2p 0.485

14.488 10(1’ [3/J 1, (2) 0.488 ~k 0.490
14.494 12s’[1/2]0, 1 0.494
14.498 9f’[7/214, (3) 0.498
14.498 9f’[5/z]2, (3) 0.498
14.512 121) ’[3/z](l),  2 0.512

14.513 12p’[]/210, (1) 0.513

24

1( (%) c1 (x 10”8 m2)

16 ev 26.CV 16 ev 26_ev

0.033 0.079 0.17 0.24

0.042 0.066 ‘0.21 0.20

. 0 $12 - 0.35
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‘J’abk 2. continued

14.516*
14.519A
14.520*
14.523
14.52’7
14.530
14.530

14.665

1 ,cVcl

P! ’IK]J.

1 ld’[5/2]2

1 lcl’[3/2]2

1 ld’[5/2]3

1 ld’[3/2]1

13s’[1/2]0, 1

1 of’ [7/2]4, (3)

1 of’ [5/2]2, (3)

lijedccl  7’01; “1’01; }( (%) o (x 10’8 cm~)
lhmsgy ~~catlllc  Iimgy
l<j.. [iv)

0.516 ‘
0.519
0.520
0.523
0.527
0.530
0.530

-————————  . . . —————————  . . . --.——.  .-.. —— -.-.—. .-

TOtal 1.05 2.02 5.3 6.1



.

.-q-T-,~,  , ~ --~--,-~-~–--~-~--,  --~---,  , , ,-. ---— ..-.

.-..

-..

-.

-.

>

a)

H
(DO
Xw

t-

8

II

.

.

u)

I

-)—
c)!]st?pula]sep -0--”’””--~–-------—– —---—-. -_, — .-. __,._ —.- ———-..— —-__..~-- -—. -, -— .

.. L~l__-l--”l.-..l  .-JLL-.L_-l_J___LL_lJ_

(syun ‘qw) AIISU63]UI
m . ●

w -

0
c>
ml

c)
0
0
v -

0
0
m

c)
0
co

0
0
ml

0

u)

.—

G=

‘6
1

a)
E.—



b lc(:l:iir  & ‘1’1:1.jmar Fit. ?
.,

i

“-’---”””’T’T’T-’-”-T-~—’”.-
>
a)
d-

1-—. .

[.

H
‘-(D o
vy’JJ ‘in

Y
r

.—
.-

—.-

.—

i----

0

m
II

w-

r-

Cc)

u)

w

-—
T

--Q

0
?*

03

00

b

.—

r“

N.
T-

_: 0
v-

m
C5

u)
Ci

d-

0

[ ““”---- -“---
-- —._._— u.)=  >Zz -  ‘“-=____ —.——.. —— -- –—~;.. -.-+ . -- -— ———————-—_  ..— .__.. _________

-. ..0 -——- - --—---’- ———— —.. ___—
C6 —-.. _--13— _-=___

._...L . . . . . ..L--~_L_—_l__L_l----__-_._”- _ 1-:--

(s]wn ‘qw) ApK3JuI
● ● m

4

0
6

>

a)

>

a)
c
a)
c).—
35
s

● —
x



IcC] ai r  & ‘1’r:ljmar }’i~. 3

___  .—..,”.--.——  ,

w._.. _,_ —-.-—-

[

.,_.-q._
1 1 T

~_-.._.

/

r r

.-
>
a)

~f . .—-.

w
ml

-i

F II
0
x Iii”

..

-a‘in

3’
.

k- 0

)3

x)

r=

m
01 0 )

—
— ma

c)

c
q- “3w

11
.

c)

a) ---- ----+
* s—-

%--4 >.

_-.. —-

[“””-”-”-----’”’--””-”-”””----””- ‘“:”-”----
\.- –

o -=––  ---—--_—
. . . . . . . . . . . . . . .. —.- .— ___ _. _ ,.

9
---—

L.
— . ==z!!!i. -—

cd . -----=--- —— = = .:

._._._,._  l_—_. . \ . . . . . . . ..-_l...__J_~ -L_L-_.l-.-._J--
---_—

.

0
6



IIc(:l  air & ‘J’ra<jmr Fif; . 4
+

..
= d -

>
a)
0
0

m
II

0

LLJ

r-
r--l

CN

~.-..l . . . .T~TT--”
,_.-[_rT.T-.-.,--7  -,-- ,--p~-l--q :

.—. .

..—.

(1):,x

,—
cc)
Ci

,-,
—-. ------_— .--— --—. --– -. . . . . ––- _

-3-tm ‘--—
- +_

‘=S&_. . . .
%4

-— .- ———-——
. . .

--- ,-

::.._.l. .-L_l_-lJ-

-3 0.

-a a)
c

I ,.__Ll_l__l-l_..l.. . ..LLJ-.-J

a)
c.)

C
q- “3.

ml
o

0 .
0

(Syun “qJE?) A} ISUWJI● m
●



(u

m
a)z.—

i-

loo&
L

L

Xe
-1

-i

x

+

x

I

qz q~ q~ ‘1~ 20 22 24 26 28 30
electron impact energy (eV)

-.
“.

m.



IJe(:l air & ‘1’l:]~nlar }’i~. 6

m
:’-’’Tll-’’’Tll’_-~T

>.- a)
u)

II

‘-2 w“

,—
.—

.—

-—.
..-.-

1 I I 1 1 ‘ ~~.-l:

T
.- .

I I I I

F -
0

ccl
0

‘“Q
‘in C’N

r-
T-

0
Y

CD

co

v-
v- u)

*5
(-j C

a.)
0

.

~ ‘x=
“a)c)~

.—
t= x

ml
C5

k ‘:
v-

(5— —. -..
(0

_lJ_l.L.‘c?

——
——

:

.__———
c.)

—--—

l_..J . . . . .. L..I..JL_L~-L.J---

(qun ‘q@ A]lsua]ul. . ●



4

\.

l,C(:I air & TT .I.jlllar.
4 Fig. 7

a

m

I>

(0

“z7---
. . . .-.—
‘-—-=—

iu)

G--

04

?--4

FM

● e./

-ii

,T-l--,-T.,  . . ..-T . . ..T-.T.-.._.r..T  - – – .-, . . . . _

> J
~TTT]T~:—

a)—
—. co. N,.-

II n.!? ‘–
..-

.-

:._Q~”. . .-..-..-...-. u.

.-.

.-.

—.—

,.. -

— ,.

-- ...

-—..

-J... -L_J_l_. J.JJ__L__I_Jd._J~l-;

N

v--
v

0

m

20

—=

. ! t’--
0’

co
0’

%3
0

m

m

-1
ml
ci

r-

Gii=--- C5- -.--- ,-- ,, _____
D

_Ll ., _ 1s o.


